1. The effect of high dietary vitamin A or tocopherol, or both, on lipid absorption and secretion in the gastrointestinal tract and on serum and hepatic lipids was determined in the chick.
High intakes of vitamin A affect both serum and hepatic lipid concentrations. March & Biely (1963) reported that serum cholesterol was depressed in the chick by increasing vitamin A intake and attributed this to an absorption effect; a similar effect has been observed in the rat (Bring et al. 1965; Lakshmanan et al. 1969; Prodouz & Naveri, 1975) . Serum triglycerides (TG) have been reported by some to be increased by high vitamin A intakes (Solomon & Erdman, 1985; Setty & Misra, 1981) and by others to be decreased (Bring et al. 1965; Harrill et al. 1965) . Hepatic TG were enhanced by high vitamin A intakes with the eventual production of fatty liver in hypervitaminosis A (Singh et al. 1969; Mallia et al. 1975; Singh & Singh, 1978) . In addition, total hepatic phospholipids (PL) were increased although phosphatidyl choline (PC) was depressed in the rat (Ram & Misra, 1978) . Phospholipid synthesis through the cytidine diphosphate -choline ethanolamine pathway was depressed and PC fatty acid composition changed, with, in particular, a reduction in arachidonic acid in rat heart on feeding high levels of vitamin A (Setty & Misra, 1981) . Singh & Singh (1978) and Setty & Misra (1975) indicated that fatty acid synthesis was enhanced by vitamin A in the rat but that fatty acid transport from the liver was impaired, resulting in accumulation of fatty acids.
High intakes of tocopherol have also been shown to enhance hepatic cholesterol and TG (Yang & Desai, 1977; Porta et al. 1981) and depress serum cholesterol (Prodouz & Naveri, 1975; Porta et al. 1980) . In addition, hepatic cholesterol 7a-hydroxylase activity was enhanced by tocopherol (Kritchevsky et al. 1980) . This would presumably increase the formation of bile acids from cholesterol.
The object of the present study was to determine the effects of, and interaction between, vitamin A and tocopherol on the enterohepatic circulation of cholesterol, bile acids and fatty acids, and to relate this to the changes in hepatic and serum lipid levels in the chick. New Hampshire x Leghorn male chicks were given diets containing (g/kg): 608 sorghum, 323 soya-bean meal, 30 soya-bean oil (Sklan & Donoghue, 1982) to which D-a-tocopheryl acetate and retinyl acetate were added as follows: Control diet, 10 mg tocopheryl acetate/kg, 850 pg retinyl acetate/kg; diet E, 200 mg tocopheryl acetate/kg, 850 pg retinyl acetate/kg; diet A, 10 mg tocopheryl acetate/kg, 350000 pg retinyl acetate/kg; diet A + E, 200 mg tocopheryl acetate/kg, 350000 pg retinyl acetate/kg. Chicks were given these diets from hatching, water was supplied ad lib.
Expt I
After 21 d on the diets previously described the chicks were transferred to the same diets to which 50 pCi 141Cerium/kg had been added as a non-absorbed reference substance. After 4 d on this diet, animals were bled with a heparinized syringe and killed with an overdose of sodium pentothal. Contents of five intestinal segments were removed as previously described (Sklan et al. 1975~) .
Intestinal contents were homogenized with a high-speed homogenizer and a portion taken for 141Ce determination by y-scintillation. Additional portions were taken for bile acid determination (Singer & Fitschen, 1961) and for extraction and fatty acid, phospholipid and cholesterol determinations as previously described (Sklan et al. 1975 a) . Hepatic and plasma lipids were extracted with chloroform-methanol (Folch et al. 1957), separated by thn-layer chromatography after addition of heptadecanoic acid, and triheptadecanoylglycerol and diheptadecanoyl phosphatidyl choline used as internal standards. To cholesterol esters heptadecanoic acid was added before methylation and gas-liquid chromatography (Sklan et al. 1975 b) . Phospholipids were separated by thin-layer chromatography using silica gel G and chloroform-methanol-acetic acid-water (65:25:4: 1, by vol.) as the developing solvent.
Expt 2 Chicks that received the experimental diets for 24 d were killed with an intracardiac overdose of sodium pentothal. Livers were removed and homogenized with 0.25 M-sucrose (1 : 3, w/v) and synthesis of fatty acids and cholesterol from [14C]lactate determined as described by Riesenfeld et al. (1981) . An additional portion of the homogenate was taken for As desaturase determination as described by Wahle (1974) .
Calculations
When a non-absorbed reference substance is fed until a steady-state with regard to input-output is attained, the ratio between any dietary component and the reference substance can be used to calculate net changes between successive segments. A decrease in the ratio is defined as disappearance and, in the absence of extensive intraluminal metabolism, can be regarded as absorption. An increase in the ratio will represent net secretion. Multiplying the ratio of any component to the reference substance by the daily intake of the reference substance will give the daily flow of that component at that point.
Two-factor analysis of variance was by standard methods.
RESULTS
Vitamin A and tocopherol concentrations in plasma and liver, after 24 d on the experimental diets, are shown in Table 1 (see also Sklan, 1983) . Plasma and liver vitamin A levels were affected by dietary vitamin A and by tocopherol; an interaction between these factors was observed. High dietary tocopherol enhanced plasma and hepatic concentrations and dietary vitamin A decreased both plasma and hepatic tocopherol concentrations; in A+ E chicks tocopherol levels were increased to levels less than in E chicks. The interaction, however, was not significant. Values for fatty acid: 14Te along the gastrointestinal tract are shown in Fig. 1 together with those of phospholipids, bile acids and cholesterol. Chicks showed secretion of fatty acids into the duodenum and this secretion was highest in A-treated chicks. Phospholipid secretion paralleled the fatty acid secretion with A-treated chicks showing the highest secretion. Cholesterol secretion to the duodenum was also higher in A-fed chicks than with other treatments and E-fed chicks also showed more secretion than the controls (P < 0.05).
Bile acids showed a similar pattern, with all treatments showing more secretion than controls. In A-fed chicks, secretion was again significantly higher than E-and A+ E-treated chicks (Fig. 1) . Little difference was apparent in these measurements between dietary treatments by the lower jejunum, and no significant differences in over-all absorption were observed. Calculations of the daily flows along the gastrointestinal tract are shown in Table 2 . A-treated chicks showed highest fluxes of fatty acids, phospholipids, bile acids and cholesterol, with A + E-fed chicks generally intermediate between A-fed and controls; E-fed chicks showed enhanced bile acid and cholesterol fluxes. Vitamin A effects and the A + E interaction were significant but tocopherol effects were not. Ileal fluxes were not significantly different for fatty acids or cholesterol although all treated chicks showed slightly decreased bile acid flows.
Plasma total fatty acids were raised in E-fed chicks whereas A-fed chicks showed lower plasma cholesterol and E-fed chicks higher cholesterol than control chicks ( Table 3) . Concentrations of hepatic lipid fractions are shown in Fig. 2 . All treatments elevated total fatty acids and total cholesterol. The increase in total fatty acids was paralleled by an increase in TG as well as an increase in PL in A-and A + E-fed chicks. PC, however, was slightly depressed in A-treated chicks. Cholesterol esters increased in all treatments. The fatty acid profiles of different lipid fractions are shown in Table 4 18 : 1 and 18 : 2 were affected by A and the A+ E interaction was significant. 20 : 4 Levels were affected by E and the interaction was again significant. Cholesterol ester fatty acids were influenced mainly by A, with an A + E interaction apparent for 16: 0, 18 : 0, 18 : 1 and 20:4. More 18:0 and less 20:4 were found in the A-and A+E-treated chicks. In vitro incubations of liver homogenates showed that cholesterol synthesis from lactate was enhanced in all treatments and fatty acid synthesis was depressed by E with a significant A + E interaction. Ag Desaturation was depressed in E-treated chicks and an A+E interaction was significant (Table 5) . 
D I S C U S S I O N
Feeding high levels of vitamin A or tocopherol increased plasma and liver concentrations.
A + E-fed chicks had lower tocopherol levels than E-treated chicks as has been previously described (Sklan & Donoghue, 1982) . The effect of vitamin A on serum cholesterol and hepatic triglycerides observed in this study confirm previous reports that serum cholesterol was decreased (March & Biely, 1963; Ram & Misra, 1978) . Some enhancement of fatty acid synthesis was found in vitro in liver homogenates as has been previously reported in the rat (Singh & Singh, 1978) . In addition, changes in As desaturation due to vitamin A were noted: this is reflected in the fatty acid profiles. In previous studies it was indicated that the increase in hepatic fatty acid synthesis was not accompanied by an increase in transport from the liver (Setty & Misra, 1975; Singh & Singh, 1978) .
In the present study differences in over-all absorption of fatty acids from the intestine were observed to be due to vitamin A, whereas enterohepatic circulation of fatty acids was enhanced. A similar effect was observed with cholesterol ; no differences in excretion through the ileum were found although duodenal secretion was enhanced. In vitro cholesterogenesis from lactate was also enhanced in A-treated chicks, serum levels were depressed and hepatic levels enhanced. In other studies hepatic cholesterogenesis and lipogenesis were depressed on feeding cholesterol or fatty acids respectively (Romsos & Leveille, 1975; al. 1 9 7 5~; Sklan & Budowski, 1979) . However, bile acid production increased with increasing hepatic cholesterol in the chick (Sklan & Budowski, 1979) . It is thus possible that, in response to increasing hepatic concentrations with no corresponding increase in hepatic output to the circulation, the enterohepatic circulation is enhanced by vitamin A. This would also be compatible with the reciprocal effects on hepatic and plasma cholesterol.
Feeding chicks high dietary tocopherol, in this study, enhanced liver triglycerides and cholesterol as has been previously found in the rat (Yang & Desai, 1977; Porta et al. 1980) . In addition, the enterohepatic circulation of cholesterol was enhanced and cholesterol synthesis was also increased and fatty acid synthesis depressed. Bile acid secretion to the duodenum was also enhanced, probably due to the increase in hepatic cholesterol levels and enhanced cholesterol 7a-hydroxylase. This confirms the hypothesis of Kritchevsky et al. (1980) in the rat that feeding tocopherol or other anti-oxidants affects hepatic cholesterol metabolism.
Feeding high levels of both vitamin A and tocopherol together further increased hepatic cholesterol levels beyond that observed in either A-treated or E-treated chicks, although other factors were not influenced in this manner.
It is concluded that both vitamins A and E affect the hepatic synthesis and oxidation of cholesterol and influence fatty acid metabolism in the chick. This study was supported by a grant from the Wolfson Foundation, The Hebrew University. Skilled technical assistance was by Mrs 0. Kedar.
